We examine stock market volatility before and after the introduction of equity index futures trading in twenty-five countries, using various models that account for asynchronous data, conditional heteroskedasticity, asymmetric volatility responses, and the joint dynamics of each country's index with the world market portfolio. We find that futures trading is related to an increase in conditional volatility in the United States and Japan, but in nearly every other country, we find either no significant effect, or a volatility-dampening effect. This result appears to be robust to model specification, and is corroborated by further analysis of the relationship between volatility,
The world's first stock index futures contract was the Value Line contract, introduced by the Kansas City Board of Trade on February 24, 1982. Today, stock index futures and options trade in markets all over the world, with new contracts launched nearly every year. Table 1 reports launch dates for thirty nations that introduced stock index futures between 1982 and January, 1998. In addition, plans are underway for exchange-listed index futures in many other nations, including India, Indonesia, Czech Republic, Slovakia, Turkey, and others.
As exchange-traded stock index futures and other derivatives become more pervasive in the world's financial markets, it is increasingly important to understand the effect of derivatives trading on the underlying markets. The previous literature on the effects of stock index futures trading has focused primarily on developed markets, and it is unclear to what extent these results are applicable to less-developed markets. Moreover, the existing research has come to conflicting conclusions regarding the effect of futures trading on volatility. Some authors have found that volatility appears to increase with the introduction of futures, and some find no significant effect, and some find that volatility decreases. 1 In this paper, we examine the time series properties of stock indexes in twenty-five countries, in order to investigate the impact of stock index futures listing and subsequent trading activity on the volatility structure of the underlying cash market. We examine this issue in two ways. First, we test for structural changes at the time of futures listing by comparing properties of the returns series before and after listing. Second, we test whether volatility in the post-listing period is related to futures market volume and open interest. The results of both tests show that futures trading is associated with increased volatility in the United States and Japan, but in virtually every one of the other twenty-three countries, this is not the case. In some countries, there is no robust, significant effect, and in many others, futures trading is associated with lower volatility.
1
Many theories have been advanced elsewhere for how the introduction of futures might impact the volatility of the underlying market. As pointed out by Hodges (1992) , Mayhew (1999) and others, most of these theories predict that volatility can increase or decrease with the introduction of futures, depending on the underlying assumptions, or depending on the parameter values used in the models. Due to the large number of competing theoretical models with overlapping and ambiguous predictions, we are reluctant to interpret our results as favoring any particular model. Perhaps futures markets influence cash markets through multiple, offsetting channels. Perhaps futures play a more important stabilizing role in markets that lack alternative stabilization mechanisms.
Our paper contributes to the existing literature in several ways. To the best of our knowledge, it is the most comprehensive examination to date on the impact of stock index futures on cash markets. We examine a much broader cross section of international futures introductions than any prior study, and is the first to examine the impact of futures markets in emerging economies.
Examining the existing literature, summarized by Mayhew (1999) , one is left with the impression that the introduction of stock index futures is equally likely to be associated with increasing or decreasing volatility. In examining the results from twenty-five different coutries, we see that a pattern emerges: in most cases, futures markets are associated with decreasing volatility.
In addition, we believe that this paper improves on the methodology used in prior studies. Like Lee and Ohk (1992) , and Antoniou, Holmes and Priestly (1998), we use a framework that allows for generalized auto-regressive conditional heteroskedasticity (GARCH) but (wherever possible) we use considerably larger sample periods. This is important given the difficulty of obtaining reliable GARCH estimates in small samples 2 Moreover, rather than selecting a GARCH specification ad hoc, we performed various specification tests to determine the appropriate model, and tested the robustness of our results using several alternative GARCH models. Also, we examine the properties of excess returns over the world market index, enabling us to avoid attributing worldwide price movements, such as the crash of October 1987, to the listing of futures in the local market. 2 Engle and Mezrich (1995) suggest using at least eight years of daily data for proper GARCH estimation.
2 Also, this is the first paper, to our knowledge, that examines the relationship between volatility and futures trading volume and open interest for a large cross-section of markets. We find that some, but not all of the results reported in the literature are robust across countries. In examining this issue, we also generalize the methodology of Bessembinder and Seguin (1992) to a GARCH-based framework.
Finally, we believe this to be the first paper to examine the joint dynamics of country-specific and world market returns for a cross-section of countries, using a multivariate GARCH framework.
This framework allows us to test whether the introduction of futures impacted the conditional covariance between country and world returns, a measure of the country's integration with world markets. We find that futures markets appear to help countries become more integrated with the world market.
The basic approach of our analysis is as follows. First, we examine the impact of futures introduction on volatility using a modification of the Generalized Auto-Regressive Conditional Heteroskedasticity model suggested by Glosten, Jagannathan and Rundle (1993) (GJR-GARCH).
To test for the impact of futures trading we incorporate a multiplicative dummy variable in the conditional variance equation. We check the robustness of our results using various alternative specifications. Next, using a technique similar to then employed by Bessembinder and Seguin (1992), we decompose the trading volume and open interest time series into permanent and temporary components, and test how these components affect volatility by inserting them into the conditional volatility equation. Finally, we analyze the joint dynamics of each country with with world market portfolio using the bivariate GARCH specification advanced by Engle and Kroner (1995) , commonly known as the BEKK model. 3 This richer framework allows us to more carefully control for movements in global markets. It also allows us to test whether the conditional covariance between a country's return and the world market return changed with futures listing.
The remainder of this paper proceeds as follows. Section I describes the data we use in our 3 The acroynm refers to Baba, Engle, Kraft and Kroner, the orignal developers of the model.
analysis. In section II, we describe the univariate GJR-GARCH framework we use to analyze the data, we verify that conditional heteroskedasticity is present in the returns in all twentyfive countries, and we test whether volatility is higher or lower after the introduction of futures trading. We also discuss the robustness of the results to model specification. In section III we examine whether conditional volatility is related to the temporary and permanent components of open interest and trading volume. In section IV we present our analysis of the joint dynamics of country-specific and world returns using the BEKK bivariate model.
I Data
Daily stock market index data were obtained from Datastream 4 for twenty-five of the thirty-one nations listed in Table 1 . Russia, Venezuela, Poland and Greece, which listed futures after July 1996, were excluded because in our judgment, there was insufficient data in the post-event period to draw any meaningful conclusions. Brazil and New Zealand were excluded due to lack of data.
For twenty countries, time-series data were obtained for the stock index underlying the first equity futures contract listed in the respective country. For the United States, we use data on the more popular S&P 500 index instead of the Value Line index. In some cases, very little data exists for the underlying index prior to the futures listing date, often because the index was designed specifically to underlie the futures contract and didn't exist very long prior to the introduction of the futures. Given the high correlations typically observed between different indices on the same market, we do not believe this to be a major problem. To illustrate, for Norway, we use data on the Oslo Stock Exchange (OSE) General stock index instead of the OBX index due to the lack of data on the OBX index prior to the listing date. Over a recent subsample, for which data are available on both indices, we calculated a correlation of .96 between them. Likewise, in Finland, we use the Helsinki Stock Exchange General Index (HEX) instead of the FOX index, and in the U.K. periods covered by our index data for each country, along with the number of daily observations in the pre-and post-event subsamples, are reported in Table 2 .
In addition, we were able to collect daily contract volume and open interest data for seventeen of the countries in our sample. In most cases, these data were obtained from Datastream. Data from the Canadian market were provided by the Toronto Stock Exchange.
II Volatility Effects of Futures Listing

A Empirical Framework for Univariate Modelling
We begin our analysis by modelling the time series of excess country returns net of the world market porfolio as a univariate GARCH process. This framework is parsimonious, allowing us to capture many of the salient features of the data, and to at least partially account for movements in the world market, in a model with relatively few parameters. Later, we will estimate a multivariate GARCH model that allows us a richer model of the joint dynamics of country-specific and world market returns.
Following Pagan and Schwert (1990) and Engle and Ng (1992) , the first step in our univariate GARCH analysis is to remove from the time series any predictability associated with lagged returns or day-of-the-week effects. For each country, the following regression is estimated:
where R t is the daily return on the country's stock index and R W t is the daily return on the World 5 In the case of the U.K., weekly data are available for a large window prior to futures listing, but we felt that in order to make the result comparable to the other countries, we should stick to daily data.
Market Index on day t, R W t−1 is the lagged return on the World Market Index, and DAY j are day-of-the-week dummies for Tuesday through Friday.
We use the excess return relative to the world market index as our dependent variable and the lagged World Market Index return as an independent variable, in an effort to remove the effect of worldwide price movements on volatility. 6 It should be noted that because of differences in time zones, different markets line up differently with the world market return. This makes it difficult to directly compare the coefficients of the first-stage regression. For example, if the U.S. market is influenced by Asian markets, this will be reflected through the contemporaneous market return on the left-hand side of the regression equation. On the other hand, if the Asian markets are influenced by the U.S., this will be reflected through the lagged market portfolio.
Regression results are reported in Table 3 . It should be noted that the coefficients on the dayof-the-week dummies in this model, which is based on excess returns relative to the world market, should not be directly compared to day-of-the-week dummies based on models of raw returns.
To correct for any remaining predictability, and to correct for spurious autocorrelation induced by non-synchronous trading, 7 we perform the usual autocorrelation adjustment: 6 In separate tests not reported here, we included contemporaneous world returns on the right-hand side, allowing each country to have its own beta with respect to the world portfolio. These results, which are available on request, are similar to those reported here. We elected to use the current formulation because when contemporaneous variables are included in the first-stage regression, the GARCH volatility equation cannot strictly be interpreted as a conditional volatility.
7 See Scholes and Williams (1977), Lo and MacKinlay (1988) , Nelson (1991) .
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removed the predictable part of the return series for most of the countries. The Ljung-Box test statistics for the squared residuals are highly significant in all cases, which is consistent with the existence of time varying volatility of index returns in all countries. We take this as evidence that some type of GARCH specification is necessary to properly model index returns in all countries.
Using {ε t } as our new return series, we proceed to test for the effect of futures introduction on the conditional volatility of the spot market, using various GARCH specifications.
B Volatility Effect of Futures Introduction
Having demonstrated the need to account for conditional heteroskedasticity in returns, we now address the issue of futures listing using a GARCH model. In GARCH modelling, the residuals ε t arising from estimating the autoregression equation (equation 2) are assumed to be distributed
where t has a conditional distribution that is N (0, 1), and the conditional volatility h t depends on the GARCH specification.
In order to determine which GARCH specification we should use in our analysis, we conducted extensive tests, to see which form of the conditional volatility equation best seems to model the returns data. The results of these tests are not reported here, but are nearly identical to those reported in Gulen and Mayhew (1999) , where we used a slightly different formulation for the first-stage regression. The main focus of this analysis was to determine whether we should use the symmetric GARCH model of Bollerslev (1986) , in which positive and negative shocks of equal magnitude have the same effect on subsequent volatility, or a model where positive and negative shocks can have different effects. We tested the symmetric model and three alternative asymmetric models including the asymmetric GARCH (GJR-GARCH) model of Glosten, Jagannathan and Runkle (1993), the nonlinear GARCH (NGARCH) model of Engle and Ng (1993) , and the exponential GARCH (EGARCH) model of Nelson (1991) . Specification tests indicate that these asymmetric models fit the data better then the symmetric GARCH model, with the GRJ-GARCH performing marginally better than the others. Therefore, we base our main analysis on the GJR-GARCH model.
In this model, the conditional volatility equation takes the form:
In order to estimate the impact of futures introduction, we interact the GJR-GARCH conditional volatility equation with a multiplicative dummy, as follows:
where D t takes on a value of zero prior to futures introduction and a value of one after futures introduction. A significant negative parameter estimate for α M would indicate an decrease in the volatility associated with futures introduction. 8 Results are reported in Table 5 . Defining statistical significance at the five percent level, we find that out of twenty-five countries, the coefficient α M is positive and significant only for the United States and Japan, indicating an increase in conditional volatility associated with futures introduction in these countries. On the other hand, α M is significantly negative for Australia, Austria, Belgium, Chile, Denmark, France, Germany, Hong Kong, Israel, Italy, Malaysia, Netherlands, Norway, South Africa, Switzerland and the United Kingdom, a total of sixteen countries, There is no significant effect in the remaining seven countries. The experience in the United States and Japan appears to be the exception, not the rule.
At this point, we should interject an important caveat. Since we have not analyzed the data for countries with rapidly maturing financial institutions that did not list futures, it is possible that this decreasing volatility reflects other developments that tend to coincide with the introduction of stock index futures.
C Robustness Checks and Additional Tests
This section summarizes various other specifications we tested, but did not report here because the results are substantively similar to those in table 5 . The results of all these tests are available on request.
Another approach to analyzing the effect of futures introduction on volatility is to put an additive dummy variable into the GARCH equation:
We repeated our analysis using this additive dummy specification for the GJR-GARCH model.
In addition, we examined the standard GARCH(1,1) model of Bollerslev (1986) , the nonlinear GARCH (NGARCH) model of Engle and Ng (1993) , and the exponential GARCH (EGARCH) model of Nelson (1991) . In some specifications, the volatility increase in Japan loses its significance, and in some specifications, other countries, including Canada, Hungary and Korea exhibit significant increases in conditional volatility. By and large, however, all of these specifications yield results supporting the same conclusion: outside of the United States and Japan, volatility has tended to decrease with futures listing, or at least to remain unchanged.
In our analysis, we account for movements in the world index simply by estimating the dynamics of excess returns of the country index relative to the world market. Implicitly, this assumes that the beta of each country's return with respect to the world is one. In other results, reported in an earlier version of this paper, we also estimated a model where each country had its own beta. The results of this specification are similar to those reported here.
In order to investigate whether the mis-matching between time zones materially affects our results, we re-estimated the model for the Asian countries in our sample using only lagged world market returns, and this had no impact on the signs or significance of any of our tests. Also, we estimated our model using weekly instead of daily data. Here, despite the difficulty in estimating good GARCH parameters on weekly data, we still find results in line with those reported above.
Some authors, such as Chan and Karolyi (1991) and Lee and Ohk (1992) , have tested for more general structural changes in the GARCH equation at the time of futures listing by interacting a dummy variable separately for each term in the conditional volatility equation. By examining these coefficients, one can measure whether there is a change in the speed with which volatility shocks dissipate. We also estimated such a model for each country in our sample. Although some of the coefficients on the individual dummy variables were statistically significant, no clear pattern emerged across countries.
III The Effect of Futures Trading Activity
In the previous section, we tested whether there appears to be any structural change in the underlying market at the time of futures introduction. In this section, we will test whether there appears to be a relationship, after the futures have been listed, between the level of future trading activity and the volatility of the underlying index.
Our approach is based on that of Bessembinder and Seguin (1992) . Using an ARIMA model, model that appears to fit the data reasonably well. Restricting our attention to models with five or less autoregressive lags and five or less moving average lags, we select, on the basis of the autocorrelation structure, a different model for each time series. We then use these models to decompose each time series into expected and unexpected components, and then insert them as additional explanatory variables in the GJR-GARCH conditional volatility equation:
where ExpV ol and U nexpV ol are the expected and unexpected components of volume, and ExpOI and U nexpOI are the expected and unexpected components of open interest.
Estimation results are reported in Table 6 . Out of the seventeen countries analyzed, the coeffi- on the other hand, has no robust significant effect on volatility-there is a significant positive effect in Denmark, Germany and Hong Kong, a significant negative effect in Austria and the UK, and no significant effect in the other twelve countries.
It should be noted that we made no effort to model the seasonality in volume and open interest data that is associated with the rolling over of contracts prior to monthly expiration dates. Thus, in our ARIMA decomposition, we may be erroneously classifying some predictable trading volume as
unpredictable. An interesting topic for future research would be to investigate whether accounting for this seasonality has a significant impact on the decomposition of permanent and temporary components of trading activity.
IV Modelling the Joint Dynamics of Country and World Volatility
The univariate models we have employed above do not allow for time-varying conditional covariance between the country and world returns. If the conditional covariance changes systematically with the introduction of stock index futures, then our previous results may be biased.
In this section, we address this problem by estimating the joint dynamics of each country's return with the world market return in a multivariate GARCH framework that allows for time-varying conditional covariance. Because we wish to capture the dynamic interaction between world market volatility, country-specific volatility and conditional covariance, we use the BEKK specification of Engle and Kroner (1995) . 9 Unlike certain other well-known multivariate GARCH models, the BEKK model allows conditional variances and covariances to influence each other. 10 For each country i, we estimate the following bivariate process:
where the error terms are multivariate normal:
with conditional covariance matrix
In the mean equations, R i,t represents the log country index return, R w,t is the contemporaneous log world index return, and the variables DAY k are day-of-the-week dummies for Tuesday through
Friday. In the conditional variance equations, the coefficient matrix C represents a matrix of 9 This model has also been used by Karolyi (1995) to model the joint dynamics of stock returns in Canada and the United States.
10 For a comparison of BEKK and other multivariate GARCH models, see Kroner and Ng (1998 The interpretation of the dummy coefficient in a country's conditional variance equation is analagous to the dummy in the univariate GARCH equations analyzed above-a negative coefficient
indicates that the introduction of futures corresponds to a volatility decrease. By including the dummy variable in the equation governing the conditional covariance of a country's return with the world market return, we are attempting to test whether futures introduction has any impact on the extent to which the country's stock market is integrated into the world market.
Maximum likelihood estimates of these parameters are reported in table 7. In the interest of space, we report only those coefficients that we feel are most relevant to the issue at hand.
Examining the coefficients on the futures introduction dummy variable in the country-specific conditional volatility equation, we find a significant volatility increase in four countries (Germany, Japan, Hungary and Spain) and a signficiant decrease in twelve countries. Note that under this specification, for the United States the volatility effect is still positive but is no longer statistically significant. Although these results are not as consistent as those from the GJR-GARCH model, we still observe a propensity for volatility to decrease after futures introduction.
Examining the dummy coefficients in the conditional covariance equations, we find that conditional covariance with the world market increases in twenty-one out of twenty-five countries, with 13 statistical significance in thirteen cases. We may interpret this as evidence that futures markets contribute to an increase in the level of world market integration. Again, we should interpret these results with caution, as over time we would expect countries to become more integrated with the world, with or without futures markets.
V Conclusion
In this paper, we have examined the time series properties of returns in twenty-five markets around the world before and after the introduction of stock index futures. In seventeen of these countries, we have also examined the impact of trading activity in the post-listing samples.
First, in each country, we examined the time series of excess returns over the world market index using various GARCH models to account for asynchronous trading, conditional heteroskedasticity in returns, and an asymmetric response to positive and negative news. Our results indicate that in the largest two markets, the United States and Japan, volatility may have increased after the listing of stock index futures. On the other hand, volatility decreased or stayed roughly the same in most of the other countries in our sample, with statistically significant decreases in many cases. This result appears to be robust to model specification, holding for different specifications of the dummy variable and for GARCH specifications, including models that allow for asymmetric responses to good and bad news.
Next, using a procedure inspired by Bessembinder and Seguin (1992), we found that in most countries, volatility tends to be lower in periods when open interest in stock index futures is high.
The only two cases where we find the opposite result are the United States and Japan, reinforcing our previous results. In some cases, volatility is higher in periods when futures volume is high, but this is driven by the unexpected component of volume, not the expected component.
Finally, we extended our analysis to a multivariate framework which allows for the possibility of volatility spillover and time-varying conditional covariance between country-specific and world returns. In this framework, we find that the volatility increase in the United States at the time of futures listing is no longer significant, and we still find that country-specific conditional variance is more likely to decline than to increase with the introduction of stock index futures. We also document that the markets in most countries are significantly more integrated with the world market after the introduction of stock index futures.
We do not deny that these results may be influenced by other factors, and, as always, advocate caution in interpreting empirical results. In particular, several points should be considered that may confound the interpretation of our results, and those of all the previous papers in this literature.
First, the listing of index futures is not an entirely exogenous event. The listing process involves many decisions made by exchange officials and regulators, who may be influenced by recent or anticipated market conditions. For example, the reluctance of regulators to approve the introduction of index futures during periods of political uncertainty may introduce a selection bias.
Second, because the events in our sample are not independent draws from an homogeneous population, we cannot really interpret this as we would a traditional event study. Third, it should be noted that a relatively long time series is required to obtain reliable GARCH parameter estimates. In some cases, our window length may be too short. For the most recent list-ings in our sample, the post-listing window may be too short to make reliable inferences. This may explain the unusual parameter estimates reported for Hungary and Portugal. In other countries, such as Finland, France and Sweden, we have relatively short pre-event windows.
Despite these inherent difficulties, the results we have reported here do present a relatively consistent picture, which appears to be robust to model specification: in many markets, stock index futures appear to have contributed to a decrease in conditional variance. In the United
States and Japan, however, the opposite appears to have been the case.
We do not know why the results appear to be different for the two largest markets in our sample.
Many theoretical models have been proposed, explaining why futures markets might impact the underlying market, and in most cases, these models have ambiguous predictions depending on the parameters. Perhaps the most highly-developed markets correspond to parameter values in these models that would lead us to predict increased volatility. In summary, after examining the evidence, we find little reason to expect that the introduction of new stock index futures contracts in emerging nations will destabilize stock markets. On the contrary, in nearly every country outside of the U.S. and Japan, it appears that futures markets 16 have had either no significant effect, or else have been associated with a significant decline in volatility, and increased integration with the world market. Coefficients from the first-stage regression
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Results from the first-stage regression of country-specific returns on lagged world market index and day-of-the-week dummies. The model is Results from the first-stage regression of country-specific returns on lagged world market index and day-of-the-week dummies. The model is
where R t is the daily return on the country's stock index and R W t is the daily return on the World Market Index on day t, R W t−1 is the lagged return on the World Market Index, and DAY j are day-of-the-week dummies for Coefficients from the residual autoregression Estimated parameters of the residual autoregression
where u t is the residual from regression 1. Ljung-Box statistics testing for 12th order serial autocorrelation in ε and ε 2 are also reported. Standard errors are shown in parentheses. An asterisk indicates statistical significance at the 5% level. (12) 
where u t is the residual from regression 1. Ljung-Box statistics testing for 12th order serial autocorrelation in ε and ε 2 are also reported. Standard errors are shown in parentheses. An asterisk indicates statistical significance at the 5% level.
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Effect of Futures Introduction on GJR-GARCH Volatility
Constrained Maximum Likelihood parameter estimates are reported for the GJR-GARCH model with a multiplicative dummy:
where ε t is the residual from autoregression 2, and α M is a dummy variable equal to zero before and one after the futures introduction. Standard errors are shown in parentheses. An asterisk indicates statistical significance at the 5% level. Constrained Maximum Likelihood parameter estimates are reported for the GJR-GARCH model with a multiplicative dummy:
where ε t is the residual from autoregression 2, and α M is a dummy variable equal to zero before and one after the futures introduction. Standard errors are shown in parentheses. An asterisk indicates statistical significance at the 5% level. 
